LA-UR-22-20431

Approved for public release; distribution is unlimited.

Title: DARHT : Enduring Lessons from a Technical Project in a National
Laboratory Context

Author(s): Burns, Michael J
Funk, David John

Intended for: In support of Capstone Project for the Project Leadership Institute, a
DOE Program

Issued: 2022-01-19

% Los Alamos

NATIONAL LABORATORY



1% Los Alamos NYSE

NATIONAL LABORATORY National Nuclear Security Administration

Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by Triad National Security, LLC for the National Nuclear Security
Administration of U.S. Department of Energy under contract 89233218CNA000001. By approving this article, the publisher recognizes that the U.S. Government
retains nonexclusive, royalty-free license to publish or reproduce the published form of this contribution, or to allow others to do so, for U.S. Government
purposes. Los Alamos National Laboratory requests that the publisher identify this article as work performed under the auspices of the U.S. Department of
Energy. Los Alamos National Laboratory strongly supports academic freedom and a researcher's right to publish; as an institution, however, the Laboratory does
not endorse the viewpoint of a publication or guarantee its technical correctness.



DARHT : Enduring Lessons from a Technical
Project in a National Laboratory Context

Michael J. Burns

DARHT CPM, 1994-2002, Los Alamos National Laboratory

and
David J. Funk, Scorpius Project Director, Los Alamos National

Laboratory

January 28, 2002

DOE Project Leadership Institute
Stanford Center for Professional Development

S, U.S. DEPARTMENT OF

y”w,\ E N E RG I PROJECT LEADERSHIP INSTITUTE




Abstract

The Dual-Axis Radiographic Hydrodynamic Test (DARHT) facility at Los Alamos National Laboratory (LANL) is the world’s first flash x-
ray facility able to take multiple high-resolution radiographs of the interior features of fast-moving dense objects during a single
experiment. DARHT’s radiography and complimentary diagnostics makes it an important diagnostic tool in support of the US
Department of Energy’s (DOE)/National Nuclear Security Administration (NNSA)’s stewardship of the US nuclear deterrent. The
project to construct DARHT ran from 1988 through 2003. Initial Operating Capability along a single axis began in 1999. A technical
issue delayed Critical Decision 4 for the full dual-axis capability until 2008. DARHT was characterized by several directed changes
resulting from an environmental impact study, changes to the global security context resulting from the end of underground nuclear
testing, and rapid evolution of applicable technology. Conventional building and lab-space construction were part of the project, but
the project was dominated by Special Facility EQuipment that, together with the mission to support the nuclear weapons program,
required the project to be completed by national laboratories. Although the project pre-dated implementation of DOE Order 413.3,
several important lessons for national laboratory projects remain applicable today and will be discussed here, including projects
appropriate for the national laboratory environment, scope stability, risk acceptance and mitigation, communication, and
collaboration. Finally, considerations for DOE contractor project managers are offered based upon the DARHT experience.

Disclaimer: The opinions, considerations, and selections of lessons learned presented here are due only to the author. These do
not necessarily represent the positions, policies, principles, or practices of the US Government, the DOE, the NNSA, or any national
laboratory.

Acknowledgements: Many thanks to David Funk, LANL ECSE Radiography and Integration Project Director, and Jonathan Morgan,
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» 37 years in the DOE/NNSA complex
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Purpose and Outline

* Purpose: To prepare for the 2022 PLI Capstone project, provide the PLI cohort an overview
of the DARHT project, its principal challenges, and lessons learned from the project. This is
not a DOE O 413.3B process presentation

e Qutline

1. What is DARHT? We will pause after

each section for questions
Project Evolution (Directed Changes and Impact) and discussions

Recommended references

2

3. Transition to Operations (I0C, 2" axis refurb, containment, investments)
4 ; .
included on many slides

Important Lessons

DOE/NNSA-sponsored Lessons Learned report

Project execution should match the national laboratory context
Scope stability is hard during periods of fast, fundamental change
Management of threats and opportunities should consider risk, benefit, & mitigations
Open communication is essential to manage risk and momentum

Collaboration is essential for complex projects

TMmoO oW

Things to consider motivated by the DARHT experience
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BLUF
(Bottom Line Up Front)

 DARHT is an important tool to steward the US nuclear deterrent.

* The project was characterized by a significant number of directed changes and significant efforts
were required during transition to operations to realize an effective facility. These led to criticism
of the project, but DARHT has generated significant programmatic benefit, capability
enhancements have been made, and more are being considered.

* The project began before DOE O 413.3 was implemented, but some of its formalism were put in
place. It was found that project management processes alone, of whatever sort, are insufficient
without substantive attention to important details in a high-risk/high pay-off environment

* Important lessons from DARHT merit consideration during the 2022 PLI capstone study, including:
. The national laboratory context for conduct of technical construction projects

. Scope instability requires exquisite leadership, communication, collaboration, and acumen

. Mgmt. of threats & opportunities should include consideration of benefit as well as risk and mitigation
. Communication (policy makers, project stakeholders, public, team, etc.)

. Collaboration

| PROJECT LEADERSHIP INSTITUTE




What is DARHT ?
DARHT Project Summary

* Dual Axis Radiographic Hydrodynamics Test (DARHT)
Facility at Los Alamos

* Purpose:

Provide “enhanced high-resolution radiography capability for the
purpose of performing hydrodynamic tests and dynamic
experiments in support of the Department’s historical mission and
near-term stewardship of the nuclear weapons stockpile”

Final Environmental Impact Statement, DOE/EIS-0228,
August 1995

. . . Aerial view of DARHT Hydrotest Firing as of 2021
« Scope (including directed changes): 4 I

- 21,000 ft2 Radiographic Support Laboratory * Duration: 1988 - 2003
- 150-Ib HE load Hydrotest Firing Site

* Initial Operating Capability (first tests
- 6,000 ft2 Vessel Clean-out Facility P g Lap y ( )

- 1999 (one x-ray machine)

- Special Facility Equipment including - 2009 (add 4-pulse 2" machine after
> 2 accelerator-based x-ray sources refurbishment)
> hydrotest diagnostics and controls ) ) ]
> 6-ft dia. high-explosive containment vessels * Construction project Total Project Cost:
> vessel clean-out process equipment $275,880K

P 5
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DARHT Project Organization

| Lab management I

DARHT Dep. Proj. Dir.

DOE Management

DARHT Proj. Director
M.J. Burns

| Const. & PM Proj. Ldr.
' D. Chastain

SFE Integration P.L.
M. Zumbro

Project Controls Coord.
_P. Warnock.

LANL Detector, Vessels,
Vessel Clean-Out Teams

LANL Construction &
Contracting support

LANL Accel. Proj. Ldr. LEBNL Accel. Proj. Ldr. LLNL Accel. Proj. Pﬁys;.
C. Wilkinson B. Kincaid G. Caporaso

"N

Figure from C. Wilkinson, “The DARHT Project”, LIGO-GO30500-00-M, Sept. 2003,

PROJECT LEADERSHIP INSTITUTE

* This org. chart was during
Phase 2 when the full
LANL/LBNL/LLNL/MIT-LL
collaboration was underway
- MIT-LL was part of the
Detector team and reported

to the LANL Detector project
leader (P.L.)

- Otherwise, the leaders for
collaborating labs reported to
the DARHT Project Director

* "DOE Management” was
led by Dr. Robert DeWitt (DOE
Defense Programs, later
NNSA/NA-10).
- The equivalent of the Federal
Project Director today



What is DARHT ?

Radiographic hydrodynamic testing is a key tool to
ensure safe and effective nuclear weapons

Hydrodynamics Test - “A dynamic, . % ‘ ‘Sec ndary
integrated systems test of a mock-up

nuclear package during which the high y

explosives are detonated, and the resulting

motions and reactions of materials and Subcritical Mass Chemical

components are observed and measured.

The explosively generated high pressures
and temperatures cause some of the
materials to behave hydraulically (like a

fluid).”

-Final Environmental Impact Statement,
DOE/EIS-0228, August 1995

Radiation Case

Compressed
Supercritical Mass

Implosion

Before firing Immediately after firing

Text and figures from Crawford, Baraza, & Ekdahl, “SCORPIUS Update:
Progress Towards a New, Multi-Pulse Radiographic System”, 2021
Pulsed Power Conf., Dec. 14, 2021

F 7
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What is DARHT ?

Modern radiographic hydrodynamic test systems use intense,

short bursts of x-rays to image very dense, fast-moving features
Schematic of a radiographic ator comerte i & T &,
hyd rodynam|c test x-rays to visihle light) .
Bremsstrahlung N d é
Target A -t .
X-rays A Turning 1
- Mirror —
Accelerator = , | = <o\1
A 1 —
A
N\ Different objects in a single Two-views returning basic
TestObject  Transmitted view (2D) appear identical 3D info shows they are not
X-rays
Optics

Pulsed Electron Beam

* 4 components of an experiment:
1. Test Object and measurement task
2. Test geometry
3. X-ray source parameters
4. Detector parameters

High-Performance Sensor

Example of a
Radiographic Image

Figures from Crawford, Baraza, & Ekdahl, “SCORPIUS Update: * Performance parameters for each component
Progress Towards a New, Multi-Pulse Radiographic System”, . P
2021 Pulsed Power Conf,, Dec. 14, 2021 can be adjusted to optimize system performance

F 8
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What is DARHT ?

An overall video description of DARHT

(https://www.youtube.com/watch?v=FOCJCsC8gl4 &list=RDCMUCbWmIiA pHk9DE62BaSUFFRw 4min, 31 sec)



https://www.youtube.com/watch?v=FOCJCsC8gl4&list=RDCMUCbWmiA_pHk9DE62BaSUFFRw

The DARHT project began in 1988 and soon underwent

Project Evolution

several directed changes

* DARHT began as a $53.4M Total
Estimated Cost (TEC) component
of a complex-wide refurbishment
project (88-D-106) with two 16-
MeV Linear Induction
Accelerators (LIAs)

88-D-106 scope:
- Radiographic Support Lab

- Hydrotest Firing Site
- 2, 16-MeV accelerators

* Then a stand-alone project (97-D-
102)

\
5 PROJECT LEADERSHIP INSTITUTE
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S. Hie. 105-789
ENERGY AND WATER DEVELOPMENT
APPROPRIATIONS FOR FISCAL YEAR 1999

HEARINGS

SUBCOMMITTEE OF THE
COMMITTEE ON APPROPRIATIONS
UNITED STATES SENATE

[©

HUNDRED FIFTH CONGRESS

See testimonty above for history

https://www.govinfo.gov/content/pkg/

CHRG-105shrg4376096/pdf/CHRG-
105shrg46096.pdf, pp 34-37

“The DARHT project has
changed significantly over
the past ten years due to
many factors including the
increased scientific
demands placed upon
hydrodynamic testing
following the cessation of
underground nuclear
testing, the emergence of
new radiographic
technology, and an
increased sensitivity to
environmental impacts”

- Asst. Sec. V.H. Reis

10


https://www.govinfo.gov/content/pkg/CHRG-105shrg4376096/pdf/CHRG-105shrg46096.pdf
https://www.govinfo.gov/content/pkg/CHRG-105shrg4376096/pdf/CHRG-105shrg46096.pdf

The Special Facility Equipment (SFE) Work Breakdown
Structure (WBS) components for Phase 1 (1 axis) of DARHT

Detector Transport and X-ray

conversion target

Injector (electron
beam source)

Vessel Clean-
out Facility

(Phase 2

scope)

Pulsed
Power

\ DARHT Hydrotest = =

Figure from ‘ Radiographic s Fiting Site at
https://www.youtube.com/watch?v=FOCJCsC8g|4&list=RDCMUCbWmiA_pHkODEG2BaSUFFRw Support Laboratory BANLE TA-15
(Integrated Test }*\
Photo from https://earth.google.com/web/search/Los+Alamos,+NM/@35.83885143,- Stand & DARHT <
106.30396687,2192.67022191a,2645.4338959d,35y,0h,0t,0r/data=CigiJgokCVma27F 77T “ . T ]
OAEZATFELWIOAGT 3XkiyMYFRAIRNWYZOEGH pA assembly). Conventional Facilities” were

also part of the project’s scope

D I_ | UNCLASSIFIED REV 6 18JAN2022 11
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https://www.youtube.com/watch?v=FOCJCsC8gl4&list=RDCMUCbWmiA_pHk9DE62BaSUFFRw

Directed changes: 1. Technology Demonstration and
project phasing (Phase 1 = 15t axis, Phase 2 = 2" axis)

“In 1990, the project was suspended until additional https://digital.library.unt.edu/ark;/67531/meta -
g dc1277895/m2/1/high_res_d/10102470.pdf

testing could be performed to demonstrate mecort of tepenciat Consates

conclusively that all technical uncertainties with the (ITS) Porfomance and Readiness of

DARHT for Construction Start

design were resolved”

- Asst. Sec. V.H. Reis DARHT Phase 1 Integrated Test
Stad (ITS)

August 1993

Project Changes:
- Extend schedule (no funding FY92 & 93)

.S. Department of Energy
Secretary for Defense Programs

tary for Military Application
Washington, DC 20585

gL

- Cost changed to $81.4M (design changes & testing)
- Postpone tech decision for Axis 2

* “DARHT Feasibility Assessment Independent Consultants DFAIC
Panel”, Sandia National Laboratories, Sandia Report SAND92-
2060/UC700, Sept. 1992

* “Hydrotest Program Assessment”, Pacific-Sierra Research Corp., PSR
Report 2320, Oct. 1992

* “Report of Independent Consultants Reviewing Integrated Test Stands
(ITS) Performance and Readiness of DARHT for Construction Start”,
DOE/DP-0119, Aug. 1993: “... the project is ready for construction to
resume”.

MJ Burns, et al,
"Technology
Demonstration for
the DARHT

Linear Induction
Accelerators",
Proceedings of the
9th Intl. Conf.

on High-Power Part.
Beams, Washington
DC, May 1992

P 12
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National Environmental Policy Act (NEPA) implementation
at DARHT

* DOE conducted a “series of environmental reviews” for ] DOE Preferred Alternative
the project between 1982 and 1989 and concluded that no Cont:ment Vessel . .
in Final EIS differed from

significant environmental impact should result. Draft EIS in response to
* Oct. 1994, three citizen groups asked DOE for an public concern and
Environmental Impact Statement (EIS) and, in Nov. 1994, comments

sued in US District Court to halt the project.

| |
* Also Nov. 1994, DOE Federal Register notice that an (EIS) : ,
: RECEIVED ‘
would be prepared. NES o )
i . . i j=+Pual Axi adiographic Hydrodynamic Test Facility L
e Jan. 1995, Injunction halted project and further planning Loy 2SO ATEN
* Aug. 1995, Final EIS published. Oct. 1995, Record of TP — - S |
Decision (ROD). hydrodynamic-test-facility-los- I]iummnentallmpact Statement. -
. o ] ] alamos-national-laboratory N X Volume 2: Public Comients and Responses
* April 1996, EIS “adequate”, injunction lifted
. . . “ . ” See also, Webb, MD, “DARHT - an e Ca
* ROD directs implementation of “Phased Containment” - Adequate EIS: A NEPA Case Study”, f / o it |
hydrotests done inside steel vessels. Proceedings of the 22nd annual oDy et
] ] o conference of the National N
* ROD also states that DOE might incorporate “modified or Association of Environmental ;
. ” . Professionals; Boulder, CO, May ' e e
improved technology” for second axis. 1997 B I AT I AR A BTN

F 13
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https://www.energy.gov/nepa/doeeis-0228-dual-axis-radiographic-hydrodynamic-test-facility-los-alamos-national-laboratory

UNCLASSIFIED
Directed Changes: 2. Phased Containment

“... the project was proceeding satisfactorily until a Federal Court injunction was issued in January 1995. This
injunction was issued as a result of failure to prepare an environmental impact statement (EIS) for the DARHT

project”
- Asst. Sec. V.H. Reis

Project Changes:
- Extend schedule ~20 months
- Containment vessels (1-ea for Axis 1 and 2 plus Clean-Out Facility)

- 20 MeV accelerators

- Cost increase to $105.7M for Phase 1 (Axis 1)
- FY98 CPDS TEC for 2" axis ($186.7M) estimated based on copy of 15t axis - but new tech. being pursued

Examples of Open-Air explosives
testing that can spread materials
across the firing points of
radiographic hydrotesting facilities

UNCLASSIFIED REV 6 18JAN2022 14
LA-UR-22-XXXX



UNCLASSIFIED

Directed changes: 3. Multi-pulse 2"? axis

“In October 1996, the Department requested Los (The FY 1994 National Defense
Alamos National Laboratory (LANL) to determine the Authorization Act directs DOE to "l
best technology for the second x-ray machine. ...the establish a program to steward U.S. =
Department approved a multi-pulse x-ray machine...” nuclear weapons in the absence of =
- Asst. Sec. V.H. Reis Qnderground nuclear testing
“National Defense Authorization Act for Fiscal Year
* “Technology Option Study” considered options. SNL, 19947, P.L. 103-160, Nov. 1993
LBNL, LLNL invited to contribute. Drell et al, “Science Based Stockpile Stewardship”, CEEEL
] ) JSR-94-345, The Mitre Corp., Nov. 1994
e MIT/LL and LANL made a 4-image CCD chip Reis, et al, “The Big Science of Stockpile —e NS
e AN |_’ LLN |_’ |V||'|'/|_|_ and LBNL to execute 2nd gxis. Stewardship”, AIP Conf. Proceedings, 1898, 030003 ENERGY wm-&“’
(2017)

Fiscal Year 2021

Stockpile Stewardship and
Management Plan - Biennial
Plan Summary

Project Changes:

Report to Congress

- Long-pulse LIA, Kicker, multi-pulse x-ray conversion target, 4-pulse gamma ray camera
- $259.7M TEC for both axes

- LBNL/LLNL/LANL/MIT-LL collaboration
- 2003 project completion during 1st axis operation. Full commissioning by ops program

P L | UNCLASSIFIED REV 6 18JAN2022 15
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Phase 2 SFE WBS components required significant

technical advances

Long-pulse LIA
components

erator (much Iarge‘bﬂq‘

- High-current Electron
Beam Kicker, Beam

Pulsed Power(more Dump, and Transport

stored energy)
~« LoSiAlamos

TION LABORATORY
5T.1943

Conventional target will not support the generation of 4 X-ray pulses

6319:b4514.tif FC(0-255) 6319xc4514.tf FC(0-255)

4-pulse x-ray target:

images of x-ray spot
Scarpetti, “Status of the DARHT
27 Axis Accelerator at Los

6319xd4514.tif FC(0-255)

Alamos National Laboratory”,

. Measured beam spot sizes are ~1 mm FWHM for all 4 pulses

| L | PROJECT LEADERSHIP INSTITUTE

Specially designed target should meet project requirements* & dose goals

2214 Particle Accelerator
Conference, June 2007

Ty P —
Incoming —» g umm..

Beam 7453 To target

Wmm

To dump
e 2ps Beam pulse
J L — ]— ——  Chopped
50 -150 ps

beam

4-pulse @ 2-MHz MIT-LL/LANL camera

Mendez et al, “A Multi-Frame, Megahertz CCD Imager”, IEEE Transactions on

Harsh et al, Shot H3837: DARHT's First Dual-Axis Explosive Experiment”, AIP

Nuclear Science, 56(3), June 2009

Conference Proceedings 1426, 261(2012)
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Project TEC and schedule evolution as a result of

Project Evolution

directed changes

“The DARHT project greatly
increases the Department’s
confidence in our near-term
ability to provide the
scientific data necessary to
support a SBSS program. “

- Asst. Sec. V.H. Reis

Figures from C. Wilkinson,
“The DARHT Project”, LIGO-
G030500-00-M, Sept.
2003,
https://dcc.ligo.org/public/
0035/G030500,/000/G03
0500-00.pdf

| L | PROJECT LEADERSHIP INSTITUTE

TEC from CPDS ($M) —» Eventin time DOE-directed
Val r C . | Cost impact of event DOE approves BCP-8, BCP-9,
(Values from Congressiona > P 17 Jan 2001, Submitted submitted 15
Budget documents) 27 July 2000 Aug 2001
00 DOE-decision for Project
3 T Phase 2 multipulsing Close-out
DOE-submitted “place-  capability criteria

Holder” 2nd axis as a established

250 T repeat of 1st.

Re-start with DOE-
200 T directed addition of
“Phased Containment”
and higher performance
150 T X-ray system (Phase 1
only)

Court-ordered
100 t DOE-directed stop stop for EIS —\

for technology demo.

Switch to Phase 1 only

50

N o
-] (=1
(=] o
- N

\

End to undergroun Fiscal Year DOE-requested Cerro Grande fire
nuclear testing — Development of _I — “Technology Option

Stockpile Stewardship Study” for Phase

Plan details /'g

NS

)
» Los Alamos

17



Project management processes evolved as DARHT

Erogressed but useful |m|c_>lementat|on was immature

* Earned Value tracking and variance analysis - done monthly ProbabiliStiC [ i . cue s sirtomy wre — Introducing
to establish performance to date and analyze deviations with Sc.:hedul.e | schedule
respect to baseline plane. Earned value based on detailed, Simulation . s confidence
) S windows
resource-loaded updates 8 instead of
e Trending Program - monthly process to identify, characterize, "é “hard
assess, and prioritize threats to the project and develop :»:’ dates”
mitigation plans. challenged
. . sponsor
* Current Working Estimate - monthly bottoms-up update of I comms
| SU— N o i 2 "
project schedule developed from earned value calculations
* Contingency Analysis - monthly update of possible future | Compietion Date
!oudg_e'_[ ad;ustments,_contmgency on remaining work, EAC, and Project Close-out (w/0 2nd axis refurbishment )
identification of possible budget cuts that may be needed to -
. L. aseline
remain within TEC WBS Name Estimate ($K)
J Pro_jeCt Reviews - Two_-Uered review process to assess 1. DARHT (TPC) $275,880
technical and overall project progress and status. Monthly DOE 1.1 Phase 1 OPC $8.764
review. Weekly Laboratory Director’s report 1.2 Phase 1TEC  $105775 | G2 ‘F?EéeoggﬂTCérojectvv,
LIGO-GO30500-00-M, Sept.
Project Organization dissolved March 2003 in order to transition ;Z ZZaseg '(I')gcc $1 5$ 91 ’: : 83 2003, e'p
to operations ' R Becirt o
00.pdf

F 18
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Transition to Operations

Transition to Operations began in 1999 with single-

axis Operational Capability (I0C)

1st Axis 1 explosive test Nov. 8, 1999
https://web.archive.org/web/20081121011433/http://ww Aqueous Foam Shot
w.lanl.gov/news/releases/archive/99-167.shtml EXpI osive shot enclosed in a silo full

of special aqueous foam to limit
spread of material. A new type of
“open air” shot to limit the spread of
material while containment vessels
and processes were developed.

Coordination of construction & ops

SChedU Ies DARHT Project i A good time for a shot “window”
JIFIMIA%JI.‘]AISIO\NIEIJIFlmlmlJlJIAISIO\N\IEIJ\FlmlMIJIJIAISIDIAIBIJIFImIMIJIJ TATS
DARHT ConStrUCtlon DARHT activities heavily impacted by shot work - -
Project Continued During DARHT Shots
" lst aXiS Operations l‘ll, -llllAll.‘l:l‘llAl: :I“IDI‘I‘I“I‘I'IJIJI‘I:"""'”':'I:I:I: IIIIIIIIIIII I I:I:I:
Figure from C. Wilkinson, “The DARHT Combined Project & Shots Note shots moved to largest open window
Projec‘t"’ LlGO-GO30500_OO-M' Sept Ermra b T TaTs Ta TR I e T Tr T A M I T TA TS o TR E TG TF e CATR I TI TATS IS TR AT TF i PA TSI TATS]
2003, I e
https://dcc.ligo.org/public/0035/G03050 ~ 3-month impact from
0/000/G030500_00pdf (minimize impact on project) future shots

19
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Transition to Operations

In accordance with EIS ROD, full containment was

developed and phased-in over ~ 9-years

* Required development of dual-axis, 6-ft Vessel stress calculation

dia. re-useable explosive containment Rodriquez et al, "Design Considerations for Blast Loads in Pressure Vessels”,
19t Intl. Conf. on Structural Mechanics in Reactor Technology, 2007

vessels , _ Vessel operations
- Two purchased during project &
g

- Others acquired with operating funds as use
expanded

- Vessel analysis tools and techniques
* Vessel clean-out facility built

* Vessel use processes developed
Experiment mounting e
Vessel clean-out
Vessel inspection

4 L
time = 3.50e-03 (s) i E

Plastic Local with Luna

» End of life criteria established FB0 s Gager, s (Prastc-Tocal
> Vessel diagnostics and processes wes VESSEI Diagnostics
- Vessel refurbishment processes developed Fanen-aeen " Gilbertson et al, "High Speed, Localized Multi-

Point Strain Measurements on a Containment
Vessel at 1.7MHz Using Swept-Wavelength
Laser-Interrogated Fiber Bragg Gratings”,
Sensors 2020, 20, 5935, Oct. 2020

» 10 shot life per vessel

* Publication of annual Mitigation Action

Circumferential measurement ts
with Luna (Plastic - global)

20




2" axis refurbishment was required after the project ' ™ansitiontoOperations
due to high-voltage breakdown - a major confidence impact

* Construction project Baseline Change Proposal (BCP)-9 closed-out project in March 2003 after completion of accelerator, with
commissioning to occur under the operating program

 During subsequent 2" axis operations high-voltage breakdown observed in several LIA cells by July 2003

- Quality Control error: DARHT-II cells originally fitted with voltage monitors that were later found to be non-linear, resulting in the cells being tested
at ~18% below nominal performance levels

DARHT Recovery and Commissioning Project prelim project execution plan, March 2004. CD-0 approved Dec. 2004. Induction
cells modified and re-installed while 15t axis continued operations.

- See Scarpetti et al, “Status of DARHT 2nd Axis at Los Alamos National Laboratory”, 2005 IEEE Pulsed Power Conf., June 2005

- Estimated $90M refurbishment (Scarpetti et al, “Status of the DARHT 2" Axis Accelerator at Los Alamos National Laboratory”, 2219 Particle
Accelerator Conference, June 2007, slide 7) required until Dec. 2008 to remove and refurbish LIA cells and finish commissioning

- Modified LIA cells exceeded performance requirements. (See Nielsen et al, “Upgrades to the DARHT Second Axis Induction Cells”, 2005 IEEE
Pulsed Power Conf., June 2005)

* July 2004 LANL safety and security work suspension and restart affected progress for 9 months or more

Cell removal at DARHT

Cells staged in TA 35-125 Cell disassembly and cleaning

/ FY2006 Energy & Water Approps. conference \
directed JASON review conducted June 2006

“The rebuilding and testing program give high
confidence that the problems associated with the
induction cells are solved.”

K https://irp.fas.org/agency/dod/jason/dahrt.pdf j

F 21
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Transition to Operations

Dual-axis, multi-pulse 10C achieved Nov. 2009

[The rate of data generation greatly increased with dual-axis IOC to address NNSA program needs]

300 T T T T 100
Open Foam and 72T
otal Hydros .
air Open Air y |, " DARHT TPC: $275,880M
Axis | < > nd i
250 ‘ || 22 Hydros Dual Axis Axis | Only 80 2"% axis
! » . 46 Hydros 1 Hydro Refurbishment $ 90,000M
£ 200 oam ” Weather
& ‘ h
8 b iy R Enclosure: $ 13,200M
- —> g
£ o 3ydros | . & TOTAL: $379,080M
g z
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The DARHT firing point has been enclosed to Transition to Operations
permit more efficient year-round operations

« $13.2M DARHT Weather Enclosure Project, substantially complete June 2020,
is expected to increase DARHT productivity 40%

- See https://www.energy.gov/nnsa/articles/nnsa-completes-darht-weather-enclosure
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Future investments to add more pulses and lines of
sight, and to refurbish facility systems are under study.
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DARHT motivated the nation’s next hydrotest machine: "anstiontoOperations

Advanced Sources and Detectors Program “SCORPIUS”

Figures from Crawford, Barraza, and Ekdahl, “SCORPIUS
200
|l -

Update: Progress Toward a New, Multi-Pulse Radiographic
System”, IEEE 2021 Pulsed Power Conf, Dec. 2021

Solid State
Pulsed Power

Dose Rate

20-100 ns > Time
B >3,000 ns

Underground at the Nevada National

Security Site Ula complex * 4 (or more) “DARHT-quality” single-axis
£ radiographs in 3-msec

Downstream

g Transport \ * Project originally described in 2017. Significant

_ ) changes in scope since featuring full solid-state
: pulsed power with fully tunable waveforms. Final
Design anticipated in early 2022
e CD-0Oin 2014, CD-1in 2019, anticipate CD-2/3 in
2022

* $500 - $1100M estimated at CD-1

~1.5'm additional depth
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Lessons

NNSA issued a DARHT Construction Project Lessons Learned
report, approved March 2005

NNSA chaired an independent review of DARHT in December 2004 that reported
the following most significant factors contributing to “management failures” :

1. Failure of DOE Defense Programs to adequately manage the Critical
Decision Process, including establishing completion criteria. DARHT Construction Praject

Lessons Learne d Report

2. Failure of laboratory management to treat the project as a laboratory priority

March 2005

3. Inadequate project contingency

4. Poor design practices, QA/QC practices, high-voltage and cleanliness NYSE
practices
5. NNSA and laboratory review processes not designed to identify and address
problems
6. Failure to adhere to established NEPA requirements NNSA DARHT Project Staff,
. . . ; . “DARHT Construction Project
7. Failure to establish and follow component design review and testing plans Lessons Learned Report”,

NNSA, March 2005
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Lessons

Projects should match the Federally Funded Research &

Development Center (FFRDC) context of a national laboratory

National Lab context can be characterized by FFRDC National Lab governance evolved during & after DARHT
definition (FAR 35.017) * see “Federally Funded Research and Development Centers (FFRDCs):

Background and Issues for Congress”, Congressional Research Service

R44629, April 2020

* 10.5% of FY2019 federal R&D obligations by FFRDC ($14.9B). 57% of

* meets some special long-term R&D need which cannot be met as
effectively by existing sponsor or contractor resources

e enables private-sector resources to accomplish tasks integral to
FFRDC spending by DOE FFRDCs

the mission of the sponsor
« FFRDC has beyond normal access to USG data, equip, property * Questions include effectiveness of federal oversight, FFRDC/private
sector competition, FFRDC "mission creep”, “noncompetitive” FFRDC

* FFRDC has special relationship with USG, operates independently .
and objectively in the public interest, free from COI (Conflict of SO, ?dequacy of FFRDC infrastructure -
* GAO designated DOE contract management “high-risk”

Interest), with full disclosure

« Does not compete with private sector * DOE 0413.3B policy, order, and manuals state objective is project

« Long-term FFRDC/sponsor strategic relationship for FFRDC performance at original baseline, independent AOA, Tech Readiness
L o : e : Level > 7 @ CD-2

continuity, recruiting, expertise, mission knowledge, quick response

The DARHT project in a National Lab context
* Long-term R&D need (evolve radiographic hydrotesting after UGT), integral to DOE/NNSA mission (stockpile stewardship), did not compete with
private sector (technology not commercialized), required mission knowledge, was “quick response” (DARHT was built while Science Based

Stockpile Stewardship was being defined)
* Not executed according to current orders. Many changes driven by external factors and project performance. Many high technical risks with

one realized. Cost “reasonable” compared to next machine. Program benefit & continued investment
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Lessons

Scope instability driven by fast, fundamental change requires
exquisite leadership, comms, collaboration, and acumen

DOE/NNSA policy maker directed changes during the project because of: il ) Final 9”_"_9’8”” ound Nuclear
1. Increased scientific demands following end of UGT; ' Test, “Divider”, Sept. 1992

2. Emergence of new radiographic technology;
3. Increased sensitivity to environmental impacts

Government risk tolerance was high

- Stockpile Stewardship was being defined during this time. NNSA understanding
of need influenced by design labs.

- Level of 2" axis risk not widely understood beyond the project
- Of all the technical risks, it was a straightforward electro-static design error that
was not caught due to QA/QC weakness that led to the need for 2nd axis
refurbishment

* Would technical advances by the project have occurred without the project?
- When should a leader support risk-taking vs. counseling caution ?
- Projects vs. technical development programs are a government policy decision

* Several project management processes, especially contingency
calculations, were superficial. "Process for Process sake” rather than

fostering insight and action

- Insightful project management processes can mitigate project risk
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Management of threats & opportunities should include
consideration of benefit as well as risk and mitigation

Strategic Benefits
1. 9-year multi-pulse head start

Table 3. Nominal parameters of linear induction accelerators built for flash radiography, listed in order of their PeaCh and
commissioning dates. Final, upgraded parameters are listed where applicable; blanks indicate that the data were @ -
unpublished at press time. Ekdahl, ParthIe
- : Beam
Accelerator Laboratory Year Energy Current Number Pulse width Spot size Dose ) ”
(MeV)  (kA)  of pulses (ns) FWHM*  (rad@lm) Radiography”,
mm 5
() Reviews of
FXR LLNL (USA) 1983 18 3 1 65 2.2 450
LIAXFU IFP (PRC) 1992 12 2.7 1 60 4 AC(.:eIerator
DARHT Axis-I ~ LANL (USA) 1999 19 1.8 1 60 0.7 570 Science and
AIRIX PEM (FR) 1999 19 2 1 60 1.6 350 Technol 6
DARHT Axis- 1l LANL (USA) (2003) 17 17 4 20-90 <1 80-360 echnology,
Dragon-1 IFP (PRC) ubinR; 19 2.5 1 70 ~1 (2013) pp 117-
Dragon-II IFP (PRC) @'!D 20 2.5 3 60 142 ?

2. 72 radiographic hydrotests for SBSS and all DOE/NNSA labs (49
multipulse with 5X data return)

3. Reduced environmental emissions from hydrotesting and
protection for endangered species

4. Modular design addressed emerging needs and provided for
future investment

5. Provided validation of multi-pulse program benefit motivating
next-generation SCORPIUS machine
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The appropriate level of technical risk has long been a

DOE issue

United Stat

GAO

Report to the Subcommittee on Energy
and Water Development, and Related
Agencies, Committee on
Appropriations, House of
Representatives

March 2007

DEPARTMENT OF
ENERGY

Major Construction
Projects Need a
Consistent Approach
for Assessing
Technology Readiness
to Help Avoid Cost
Increases and Delays

us.

. Department of Energy

‘Washington, D.C. 20585

AVAILABLE ONLINE AT:
e directives doe gov

Office of Management

Lessons

A~

NoT
MEASUREMENT

Mission Alternative Performance Construction Operations
Need Selection Baseline Start Start

6A0-07-336

o[‘>—o L) cr‘m ) cti—z 0 C[‘>—3 B CDJ—4

l !

TRA1 TRA2 TRA 3*
(TRL=4) (TRL=6) (TRL=6)
™P
Technology Conceptual Preliminary FE; Operational
Requirements Design Design Design Readiness
Review Review Review Review Review

* TRA 3 required if there is technology modification/change on going from preliminary to final design.

Figure 3. Suggested Technology Assessments
and Review Requirements for Critical Decisions

PROJECT LEADERSHIP INSTITUTE

DOE G 41334A
Approved 9-15-2011
Chg 1 (Admin Chg) 10-22-2015

U.S. Department of Energy
‘Washington, D.C. 20585

INITIATED BY:
Office of Project Management
Orersight & Asscssments

The realities of
risk-cost-benefit analysis

Risk communication

* Adequate contingencies

* Well-defined system
performance allowing sub-
system trades

e External reviews

* React to issues
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Lessons

Open communication is important to manage risk and
momentum

» Essential for FFRDC activities (“operate in the public interest... full disclosure of its
affairs to the sponsoring agency...”)

* Objectively provide technical options for policy- and decision-makers (what role w.r.t
“advocacy"?) SCIENCE ARTICLES ARCHIVE

 While respecting information security and ferieley La to B et

intellectual property, establish and
maintain communication with stakeholders. Example: LBNL explained to its stakeholder community why it
Build “Community wide” Support was involved in a nuclear weapons program

* Be a trusted, respected, objective source of

information for stakeholders Example: The DARHT EIS
contained a classified
* Proactively identify stakeholders and their appendix. DOE arranged for

federal judge to have the
necessary clearance

30




Lessons

Collaboration is essential for complex projects

* Enables access to technology, personnel, facilities
* There should be a formal designation of roles, responsibilities, authorities, and accountabilities

* Diverse experiences, cultures, and opinions can build stronger teams and build better solutions if
opportunities are made

* More voices builds momentum for the project

* Essential to be a “collaborator” instead of “controller”. Provide significant roles and project influence for
collaborators.

* Understand collaborator strategies, intentions, and plans. Structure collaboration to support these

» Security issues or Intellectual Property issues need not impede collaboration

* Collaboration includes sponsors and stakeholders as well. ~
Lawrence Il
S . Livermore ] MIT rreerreer
¥® Los Alamos National @ LINCOLN
i Laboratory - LABORATORY Lawrence Berkeley National Laboratory
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Considerations motivated by the DARHT experience

What are the appropriate project roles for national labs? End user? “General
contractor”? Performer? Advocate?

Should national labs pursue only high-risk/high payoff projects? How does DOE
appropriately steward public funds in that context?

How should the possibility of future benefit or future developments drive risk-
tolerance in projects? Is this situation dependent?

” b

In a project context, what constitutes “rapid response”, “maintaining mission

” 1

expertise”, “knowledge of sponsor mission”, “objectively and independent”?
How would the DARHT project be conducted today?

What is the “role” of the project leader? Simply “Do as you’re told” and implement
processes? Cat Herder? Technical expert? Influence policy & alternative decisions?

| L | PROJECT LEADERSHIP INSTITUTE
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Summary

 DARHT is an important tool to steward the US nuclear deterrent.

* The project was characterized by a significant number of directed changes and significant efforts
were required during transition to operations to realize an effective facility. These led to criticism
of the project, but DARHT has generated significant programmatic benefit, capability
enhancements have been made, and more are being considered.

* The project began before DOE O 413.3 was implemented, but some of its formalism were put in
place. It was found that project management processes alone, of whatever sort, are insufficient
without substantive attention to important details in a high-risk/high pay-off environment

* Important lessons from DARHT merit consideration during the 2022 PLI capstone study, including;:

. The national laboratory context for conduct of technical construction projects

. Scope instability requires exquisite leadership, communication, collaboration, and acumen

. Mgmt. of threats & opportunities should include consideration of benefit as well as risk and mitigation
. Communication (policy makers, project stakeholders, public, team, etc.)

. Collaboration
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